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What is heterogeneity?
|dentifying heterogeneity
Dealing with heterogeneity

Random effects meta-analysis

Not only for statisticians!



What Is heterogeneity?

Clinical heterogeneity (clinical diversity)

« Participants

— e.g. conditions under investigation, eligibility criteria for trials,
geographical variation

* Interventions

— e.g. intensity / dose / duration, sub-type of drug,
mode of administration, experience of practitioners,
nature of the control (placebo/none/standard care)

e Qutcomes

— e.g. definition of an event, follow-up duration, ways of measuring
outcomes, cut-off points on scales



What Is heterogeneity?

Methodological heterogeneity (methodological diversity)
* Design
— e.g. randomised vs non-randomised,

crossover vs parallel group vs cluster randomised,
length

e Conduct

— e.g. allocation concealment, blinding etc,
approach to analysis, imputation methods for missing data



What Is heterogeneity?

Statistical heterogeneity

« Common views
— Variation in the results of studies
— More variation than would be expected by chance

* |n truth:

— Variation in the true effects underlying the studies

— ...which may manifest itself in more observed variation than
expected by chance

— When homogeneity does not hold (homogeneity = identical effect
underlying every study)

— May be due to different treatment effects or different biases



Some notation

* V. : Observed effect in a study |
— E.g. MD, logOR etc

* w,: the weight of the study in the meta-analysis
— 1/variance

* O :the mean of the summary effect (meta-analysis)

Al Health warning for basic maths!

POISON




ldentifying heterogeneity

1. Visual inspection of the forest plots
2. Q test for heterogeneity
3. I?2 guantifies heterogeneity as a proportion

* You either believe in heterogeneity a priori or you don’t




ldentifying heterogeneity 1

 Eveballing

— a graphical inspection of the results is usually the first
step

— a lack of overlap in confidence intervals indicates
heterogeneity
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ldentifying heterogeneity 2

Statistical test
— chi-squared (y?) test

— w; the weights, y; the effect size in each study and 6
the pooled estimate

— has y? distribution with k — 1 d.f. under null hypothesis
of an identical effect in every study

— k Is the number of studies in the meta-analysis
— rejection of H, suggests heterogeneity



ldentifying heterogeneity 2

e Statistical test

— Has low power since there are usually very few
studies
l.e. test Is not very good at detecting heterogeneity as
statistically significant when it exists

— But, has excessive power to detect clinically
unimportant heterogeneity when there are many
studies



ldentifying heterogenelty 3

Higgins and Thompson (2002)

« Test is not asking a useful question if heterogeneity is
Inevitable

« Quantify heterogeneity
— based on y? statistic, Q, and its degrees of freedom.

describes the proportion of variability that is due to
heterogeneity rather than sampling error



Uutcome: U3 bleeding

Treatment Control OR Weight OR
udy nH nH (95%CI Fixed) o (95%CI Fixed)

1 Placebo cortral
Crowether 12156 15§53 a 35 0.69[0.23 .1 66]
Dulery 4375412 6 F4M —e— 14.0 0.868[0.57 1.30]
Gates o532 12764 a 1.7 1.44[0.52 3.99]
Gyte BV FE12 23 FE1Y +a— 13.5 1.31[0.90,1.91]
Hamps=on nrs 159 = 0.4 0.33[0.01 9.40]
Henderzon 3763 0ig2 — 0.1 7.23[0.37 142.958]
Hodnett 28597 31796 L — 6.3 0.85[0.46,1.27]
Hofimeyr 345143 221145 - 48 1.74[0.96 3.16]
Horey 8275342 102 5341 —a— 222 0.74[0.53,1.04]
hcknicht 25076 12873 +—a 24 1.90[0.90 3.98]
Mugfard 431764 65§ 604 —— 1649 0.54[0.36,0.81]
Meilzon 20080 22180 —_—r 47 0.88[0.43,1.78]
Sakala 12744 4744 = 0.8 3TE[M1012.74)
Winterbottom 185102 2615103 —_e 6.1 0.63[0.352,1.258]

ubtotal(95%Ch 400 f 253 424 1 2ATR2 ﬂ» 100.0 0.83[0.80,1.08]

ezt for heterogeneity chi-sgquare=29.55 df=13 p=0.0055

ezt for overall effect z=-093 p=0.23 Chi'Square:29.55 df:13 p — 00055

12 = 56%

2 Mo treatment contral
Azhby T4z 15541 = 125 0.35[0.12,0.897]
Enkin 23180 24182 —a— 16.6 0.93[0.49.1.92]
Keirze S7i14 5115 5 20 2E7[059,12.04]
Renfresy 741243 100 f 241 —ﬁ— G55 0620042 0.90]

ubtotal95%Ch 1124379 144 1379 -alfin-- 100.0 0.63[0.51,0.93]

ezt for heterogeneity chi-aquare=6.14 df=3 p=0.11

ezt for overall effect z=-245 p=0.01

12=51%

Chi-square=6.14 df=3 p =0.11

1z i 5 10

Fawours treatment Fawours control
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What can we do with heterogeneity?

Check the data * Incorrect data extraction;
unit of analysis errors (e.g. with
crossover trials, cluster
randomized trials, counts)

—> « Tryto bypassit « Change effect measure

. |gn0re it « Don’t do that!

. Resign to it « Do no meta-analysis
— + Encompass it « Random effects meta-analysis
——— + Exploreit « Subgroup analysis

Meta-regression



Random effects meta-analysis

Heterogeneity suggests that the studies have important
underlying differences

We can allow the true effects underlying the studies to
differ

We assume the true effects underlying the studies follow
a distribution
— conventionally a normal distribution

It turns out that we can use a simple adaptation of the
Inverse-variance weighted average

DerSimonian and Laird (1986)
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The Fixed Effects assumption

O Observed in
® studies




The Random Effects assumption

® O Observed in
® studies

True In studies

True
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Random effects: estimation

It is a 'simple’ extension of the inverse variance method,
by taking into account the variance of the random effects

TZ

Three steps:

Calculate 1 2 (also called the heterogeneity parameter)

Re-define the weights w;

Calculate the pooled estimates and its variance using

the weights w;’



Step 1: Estimate 72

 estimate the heterogeneity variance t ¢ from the test Q
(method of moments)

: - (k1)

S Xwi- (ZW JZw.

T

« Weset 12=0 ifQ<(k-1)




Step 2: re-define the weights

« We incorporate the heterogeneity parameter in the study

weights:

1
* —
W * = >
V. +7

where v; is the variance in study i

Note that the
weights are
smaller than
previously




Step 3: Calculate the pooled estimate

Using the inverse variance method with the new weights

GZZWW.
2wk
SE(0)=




Example (organised inpatient rehabillitation review)

calculations

OR LnOR Var Weight

Study Y, v, W, Wiy wiy?owy

Cameron 1993 0.98 -0.02 0.10 9.7 -0.19 0.004 94.4
Fordham 1986 1.36 031 026 3.9 1.2 037 152
Galvard 1995 1.28 0.25 0.06 16.4 41 101 269.3
Gilchrist 1988 0.75 -029 014 7.3 -21 062 535
Kennie 1088 045 -0.79 021 49 -38 3.02 236
Total 422 -0.87 5.01 4559

2
5.01— (-087) - 5.00
42.2

@ 200-4 - 0.0319
42.2 —455.9/42.2




Example continued

OR LnOR Var Weight
Study yi Vi W, W*yi

Cameron 1993 0.98 -0.02 0.10 7.6 -0.2 | Meta-analysis result (for logOR):

Fordham 1986 1.36 0.31 0.26 3.4 1.1
Galvard 1995 1.28 0.25 0.06 10.9 2.7

0=-0.04

SE(0) =0.177
95%Cl: — 0.39 to 0.30

Gilchrist 1988 0.75 -0.29 0.14 5.8 -1.7
Kennie 1988 0.45 -0.79 0.21 4.1 -3.3
Total 31.8 -1.3

« Back on odds ratio scale:
— pooled odds ratio = exp{— 0.045} = 0.96
— 95% confidence interval from 0.68 to 1.35

 c.f. fixed effect analysis
— pooled odds ratio = exp{— 0.02} = 0.98
— 95% confidence interval from 0.72 to 1.32

Random effects give
wider confidence
intervals!




File  Dizplay Sort  Statistic  Window  MNest Outcome  Prew Outcome

EHeta‘Iﬂiew 3.1 - [Behaviour: 1. Deteriorated / disturbed / unco-operative [Chlorpromazine versus placebo for schizophren... [lj[=] E3

Help @] %]

Comparizon: CHLORPROMAZINE vs PLACEBO

i

|

Outcome: Behaviour: 1. Deteriorated / disturbed / unco-operative
Expt Cirl Felative Rizk WiEight RR
Studdy nt it [9:5%Cl Fixed) % (9:5%Cl Fixed)
Chouinard 1330 14 721 16 721 —e— 7.2 0.55 [0.60,1.29]
Clark 1970 2115 S 014 23 037 [0.091.62]
Clark 1970k 10 753 6 118 — 4.0 057 [0.24 1.34]
Fleming 1359 Sr 153 721 5.5 035 [0.17,0.59]
Hall 1955 BS 1 a7 O 783 B .2 0.94 [0.801.10]
Prien 1968 37 416 oor212 —- 41 5 027 [049,0.39]
Serafetinides 1972 G ri14 3113 1.4 1.56 [0.55,5.94]
Somerville 1960 5 115 22030 — = E.6 045 [0.22 0.96]
Total (95%C0 144 1642 205 1417 - 100.0 055 [0.500.67]
Chi-zquare B1.84 (dif=7) I=7¥25
RE gives more conservative 12 1 5 A0
Favours CPL Favours contral
results Belative Bisk iERE B

LIy g g (95%Cl Random) ) [32%C] Randam)
Chouinard 1330 14 721 16 121 —B— 15.3 0.55 [0.60,1.29]
Clark 1970 2115 5014 = 7. 0.37 [0.09,1 62]
Clark 1970k 10 753 6 r18 —_— 1.7 057 [0.24 1.34]
Fleming 1959 arA 13 121 —_— 118 0.35 [0.17,0.89]
Hall 1955 B5 F &7 O ras = 16.4 0.94 [0.80,1.10]
Prien 1968 37 416 o ramz —u— 154 0.27 [0.19,0.39]
Serafefinides 1972 B 114 3 113 = a4 1.86 [0.58,5.94]
Somerville 1960 5 115 22 130 —_— 126 0.45[0.22,0.96]
Tatal (95%C0 144 7642 205 7417 e 100.0 0.59[0.34,1.01]
Chi-zquare B61.84 (di=T1 I=1.92

2 1
Fawours CPL

Fawours contral

5 10




Aside: a note on RevMan

For binary data, the Q statistic in RevMan is calculated

using the Mantel-Haenszel estimate of O rather than the
usual inverse-variance weighted average.

Thus results can be slightly different

STATA's metan uses the same Mantel-Haenszel variation by default
(options fixed and random).

To apply the method described here, use fixedi and randomi)



What about fixed vs random effects?

Fixed effect model often unrealistic
Random effects model difficult to justify

Random effects analysis may give spurious results when
effect size depends on precision

— (gives relatively more weight to smaller studies)

— Important because
« Smaller studies may be of lower quality (hence biased)
« Publication bias may result in missing smaller studies

Fixed versus random effects is an ongoing debate



Comparison of fixed and random effects
meta-analyses

* Fixed and random effects inverse-variance meta-
analyses may
— be identical (when t2=0)
— give similar point estimate, different confidence intervals



Fixed versus random effects: Slightly different results

Estimates with 95% confidence intervals

Trial

Woodcock 1981 =

Woodcock 1982 — Opioids for breathlessness
Johnson —-

Eiser (A) —

Eiser (B) i

Bruera "

Light -

Chua — &

Poole =

Davis ——

Leung "

Noseda ——
Fixed effect ¢ —0.32 (-0.43,-0.20)
Random effects 4 -0.31 (-0.50,-0.13)

1 1 1 1
-2 -1 0 1 2

Standardised mean difference

Opioid better «<— — Placebo better



Comparison of fixed and random effects
meta-analyses

* Fixed and random effects inverse-variance meta-
analyses may
— be identical (when 72 =0)
— give similar point estimate, different confidence intervals
— give different point estimates, different confidence intervals

« The last happens when there is funnel plot asymmetry



¥ METAVIEW 4.1 [Review: Magnesium for acute Al]

File Dizplay Saort  Statistice  Freviovs Outcome Hest Dutcome Help

ge|z|=]+ @]t

Comparison: 13 Magnesium vs placebo
Outcome: 03 Mortality

Treatment Control OR Weighit OR
udy nH nH (95%CI Fixed) o (95%CI Fixed)

Ahraham 1448 1746 J Q.o 0.88[0.0615.77]
Bert=chat 0522 ey = 0.1 0.30[0.01 7.585]
harton 1440 2136 = 0.1 0.44[0.04 5.02]
Ceremuzynzki 1525 3523 = 0.1 0.28[0.03 2.88]
Pereira 1827 TI2Y = 0.3 01[0.01 0.97]
=mith 25200 7200 S S 0.3 0.28[0.061.36]
Feldstedt 10 5150 /148 S 0.3 1.25[0.48 3.26]
Thogerzen 471130 S22 S 0.4 0.45[0.13,1.54]
Galf S123 137533 —- 0.4 0.43[0.13,1.44]
Shechter 90 1459 9156 = 04 0.09[0.01 0.74]
=ingh Gi7E6 11875 — 05 0.50[017 1.43]
Shechter 95 4 71107 17 5103 S 0. 0.21[0.07 0.64]
Razmuzzen 97135 2301135 —_— 1.0 0.35[0.15,0.78]
LIAIT-2 a0 s11549 118 11157 - 5.1 0.74[0.56 0.99]
I=1=-4 226 729011 2103 F 29039 . 0.2 1.06[1.00,1.13]

atall9a%Ch 2351 I3z 2331 F31226 i 100.0 1.01[0.95,1.07]

ezt for heterogeneity chi-zquare=4015 df=14 p=0.0002

ezt for overall effect z=036 p=0.7

I 1 i 10 100

Fawvours tregtment Fawours control




# METAVIEW 4.1 [Review: Magneszium for acute Al] _ O] x|
File Dizplay Saort  Statistice  Freviovs Outcome Hest Dutcome Help

CIEIEY R

Comparison: 13 Magnesium vs placebo
Outcome: 03 Mortality

Treatment Control OR Weighit OR
udy nH nH (95%Cl Random) o (95%C1 Random)
Abrakiam 1148 1146 . £ 0.96[0.08,15.77]
Bertzchat 022 1121 . 1.2 0.30[0.01 7 .88
horton 1 140 2136 - Was 0% | 21 0.44[0.04 5.02]
Ceremuzynski 1125 3123 . 23 0.28[0.03,2 53]
Pereira 1127 7127 . 25 0.11[0.01,0.97]
Srmith 2 1200 7 1200 - . 4.3 0.28[0.06,1 36]
Feldstect 107150 G 1148 S g6 1.25[0.45 3 26
Thogersen 4 1130 1122 S 6.3 0.45[0.13,1 54]
Golf 5123 13133 N 6.4 0.43[0.13,1 44]
Shechter 90 1 159 9756 . 27 0.09(0.01,0.74]
Singh B {76 11175 — - 77 0.50[0.17,1 .43
Shechter 95 41107 17 1108 - 7.1 0.21[0.07 0 64]
Rasmuszsen 91135 231135 E— 10.2 0.35[0.15,0.78]
LIMIT-2 a0 /1159 118 F1157 - 175 0.74[0.56,0.99)
15154 2216 1 29011 2103 / 29039 n w 9.4 1.06[1.00,1 13]
atall 5%l 2351 131212 2331 131226 - 1000 0.53[0.36,0.77]
ezt for heterogeneity chi-zquare=4015 df=14 p=0.0002 .
est for overall effect z=-3.34 p=0.0008 RE gives less
T T ! ‘contrasted’ weights
Fawours treatment between big and small

studies




Funnel plot Mi=] E3

File “iew Help

Heview: Demonstration
Comparison: 13 Magnesium vs placehbo
Outcome: 03 Mortality
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Interpreting random-effects meta-
analysis

Randome-effects meta-analysis suitable for unexplained
heterogeneity
— May be unsuitable if important covariates are available

Conventionally, inference is focused on the mean of the
distribution (0)

— I.e. we report mean and 95% from a meta-analysis

This may be misleading...

Better look at the predictive interval




Estimates with 95% confidence intervals

il
H
Albumin trials: —,—
hypoalbuminaemia
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|
0.01 0.1

1
10 100

e

Risk ratio

Treatment better <+— — Treatment worse

andom effects meta-analysis:
.64 (1.04,258) P=0.03

Estimates with 95% confidence intervals
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andom effects meta-analysis:
.64 (1.04,258) P=0.03




Interpreting random-effects meta-
analysis

Randome-effects meta-analysis suitable for unexplained
heterogeneity
— May be unsuitable if important covariates are available

Conventionally, inference is focused on the mean of the
distribution (0)

— I.e. we report mean and 95% from a meta-analysis

This may be misleading...

Better look at the predictive interval

But this is not currently implemented in software...
e.g. mean+ 1.96 x 1
or a predictive distribution for the effect in the next study



¥ METAVIEW 4.1 [Review: Magnesium for acute Al]

File Dizplay Saort  Statistice  Freviovs Outcome Hest Dutcome Help

CIEIEY R

Comparison: 13 Magnesium vs placebo
Outcome: 03 Mortality

Treatment Control OR Weighit OR

udy nH nH (95%Cl Random) o (95%C1 Random)
Ahraham 1448 1746 J 16 0.88[0.0615.77]
Bert=chat 0522 ey = 1.2 0.30[0.01 7.585]
harton 1440 2136 = 21 0.44[0.04 5.02]
Ceremuzynzki 1525 3523 = 23 0.28[0.03 2.88]
Pereira 1827 TI2Y = 26 01[0.01 0.97]
=mith 25200 7200 S S 43 0.28[0.061.36]
Feldstedt 10 5150 /148 S g6 1.25[0.48 3.26]
Thogerzen 471130 S22 S 6.3 0.45[0.13,1.54]
Galf S123 137533 —- 6.4 0.43[0.13,1.44]
Shechter 90 1459 9156 = 27 0.09[0.01 0.74]
=ingh Gi7E6 11875 — vy 0.50[017 1.43]
Shechter 95 4 71107 17 5103 S 7 0.21[0.07 0.64]
Razmuzzen 97135 2301135 —_— 10.2 0.35[0.15,0.78]
LIAIT-2 a0 s11549 118 11157 . = 17.5 0.74[0.56 0.99]
I=1=-4 226 729011 2103 F 29039 [ | 19.4 1.06[1.00,1.13]

atall9a%Ch 2351 I3z 2331 F31226 - 100.0 0.53[0.36,0.77]

ezt for heterogeneity chi-zquare=4015 df=14 p=0.0002

ezt for overall effect z=-3.34 p=0.0003 6 i 196 T -

01 i i 10 100

Fawvours tregtment Fawours control




What not to do!

* Fixed or random effects meta-analysis should be

specified a priori if possible and not on the basis of the O
test

What to do:

Think about the question you asked, the included studies etc: do you
expect them to be very diverse?

You can apply and present both fixed and random effects



Exploring heterogeneity

In which types of trials does the intervention work best?

« Characteristics of studies may be associated with the size of
treatment effect

« For example,
— adequate allocation concealment
— age group of patients
— setting of study
— dose of drug

» [For discrete characteristics, can use subgroup analyses

 For discrete or continuous characteristics, can use
meta-regression



Vitamin K for Bleeding: Subgroup analysis

Comparison: 01 Vitamin K vs Control
Outcome: 02 Bleeding

Treatment Control OR Weight OR
Study nH n/H (95%CI Fixed) %o (95%CI Fixed)
01 Ower S0s
Bayes 437183 o4 7183 — = 11.4 0.83[0.54 1.34]
Cochran 1257624 152 ¥ 831 —H- 47 0.79[0.60,1.03]
Fizher 1321258 1721253 —a— 245 0.49[0.34 0.70]
Zos=zet 3110 S0 a 1.0 0.43[0.07 2.658]
Jeffreys 47 191 48 592 —_— 6.6 0.93[0.55,1.75]
Markow 86 731 34302 —e— 196 0.86[0.61,1.22]
Pear=zon 3018 Q17 = 2.2 0.138[0.04 0.55]
ubitatal 22%C 444 71496 o33 1488 - 100.0 0.73[0.62,0.56]

Test for heterogeneity chi-zgquare=10.78 df=6 p=0.095
Tes=t for overall effect z=-3.81 p=0.0001

02 Uncler S0=

Hil 41 183 49 185 — | 500 0.72(0.391.52]
Wiilk s 5711 912 . a5 0.28[0.051 52]
Yates 24 194 27 197 404 0.539[0.47 1.59]
Subtatal(959%.Cl) 70 1188 85 1194 _-..EI_ 100.0 0.74[0.491.14]

Test for heterogeneity chi-sguare=1.51 df=2 p=047
Test for overall effect z=-1.36 p=0.13

iz i 5 1D
Fawours treatment Fawvours control




Subgroup analysis: dangers

Or: “If you look really hard in all possible
subgroups, using any possible variable,
' then, you will find something significant”

PAULO COELHO




Selecting subgroups

Specify characteristics in advance
Select a small number of characteristics

Ensure there Is scientific rationale for investigating the
characteristics
— beware ‘prognostic factors’
Make sure the effect of a characteristic can be identified
— does it differentiate studies?

Think about whether the characteristic is closely related
to another characteristic



Meta-regression

Relate size of treatment effect to numerical
characteristic(s) of the trials

Characteristics can be continuous or categorical
Categorical characteristics enable a formal

(but not a safer) approach to subgroup analyses

The relationship is like a traditional regression

Yi ~ N(6 + B x;, var(y;))
allowing for heteroscedasticity

We estimate the slope, 3




Cdds ratio (log scale)

Estimated odds ratios for IHD events according
to extent of serum cholesterol reduction
Thompson (1993)

0.5

0.2 -

0 2 4 6 8 1 12 1.4 16
Absolute reduction in cholesterol (mmol/l}



Prevented fraction of new caries

Does effectiveness of toothpaste depend on baseline
population levels of caries?

| | | | |
10 15 20 25 30

Baseline caries (DMFS)



Methods available in RevMan 4.2

* For each meta-analysis, or subgroup of studies:

— Estimate of overall effect with CI (fixed effect model)

— Estimate of mean effect with Cl (random effects model)
— Test for heterogeneity, with P value

— |2 measure of inconsistency

— 12 heterogeneity variance

— Test for subgroup differences



Methods not available in RevMan

* Meta-regression

 Random effects meta-analysis methods that account for
the fact the t 2 is estimated

* Predictive intervals
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